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Abstract

A commontrendin the designof large-scaleclustes is to usea high-performancalata networkto integrate the processingnodesin a single parallel
computer In thesesystemshe performanceof the interconnectcan be a limiting factor for the input/output(l/O), which is traditionally bottlene&ed by the
diskbandwidth.In this paperwe presentan experimentalknalysison a 64-nodeAlphaServeclusterbasedon the Quadricsnetwork(QsNET)of the behavior
oftheinterconnectunderl/O traffic, andtheinfluenceof the placemenbf thel/O serves ontheoverall performance Theefectsof usingdedicated/O nodes
or overlappingl/O and computationon the I/O nodesare also analyzed.In addition, we evaluatehow badkground I/O traffic interferes with other parallel
applicationsrunningconcurently Our experimentakresultsshowthat a correctplacemenbf thel/O serves canprovideup to 20%increasein theavailable
1/0 bandwidth.Moreover, someimportantguidelinesfor applicationsand1/O serves mappingon large-scaleclustes are given.

Keywords: InterconnectioNetworks, Performancé=valuation,Userlevel Communication|nput/Output.

1 Intr oduction

Scientificapplicationghatrun on parallelsystemausuallyrequireinput andoutputof large amountsof data,thereforethe
I/O performancecanbe a potentialbottleneck. Collective 1/0, in which all processegsooperatdo carry out large-scald/O
transactionshasbeenproposedsawayto improvethel/O performancef suchapplications Sometechniquegurrentlybeing
usedto provide collective I/O facilitiesare: (1) parallelfile systemgHFS for the HP Exemplar[2], PFSfor the Intel Paragon
[9], PIOFSand GPFSfor the IBM SP[5], XFS for the SGI Origin2000[20], PVFS[3] for Linux clusters),(2) distributed
file systemgNFS[21], GFS[17]) and(3) run-timel/O libraries (MPI-1O [8]). Most of thesesystemsassumehat the I/O
subsystenis homogeneouandthe messaggassingover the network is fastandscalable.Neverthelessthe behavior of the
interconnecin suchsystemscanbe alsoa performancdimiting factor, althoughthe I/O performanceon massiely parallel
processorstiasbeentraditionally limited by disk bandwidth[4].

The efficient integration of the interconnectiometwork with the 1/O is a key factorto efficiently exploit the power of
high-performancgarallelcomputers.nfiniBand[1] is an emeging standardhat providesan integratedview of computing,
networkingandstoragdechnologiesThelnfiniBandarchitecturas basedn aswitchinterconnectechnologywith high speed
point-to-pointlinks andofferssupportfor Quality of Service(QoS),fault-toleranceremotedirectmemoryaccessetc.,andis
likely to becomethe backboneof future commaodityparallelcomputers|/O seners,anddatacenters.

The Quadricsinterconnectiometwork (QsNET)[7] is currentlybeingusedin someof the largestparallelsystemsn the
world, typically connectingCompacAlpha-basedeners,but increasinglyothercomputeplatformstoot. TheQsNETprovides
someinnovative designissuesvery similar to thosedefinedby the InfiniBand specificationwhich arelikely to appeaiin the
commoditymarketin the next few years. Someof thesesalientaspectsarethe integrationof the local virtual memoryinto
a distributedvirtual sharedmemory remotedirect memoryaccessthe presencef a programmablgrocessoin the network
interfacethatallows theimplementatiorof intelligentcommunicatiorprotocols,andfault-tolerance.

*Thework wassupportedy the U.S. Departmenbf Eneigy throughLos AlamosNationalLaboratorycontractW-7405-ENG-36
IMore informationon the Quadricsnetwork canbefoundat http://wwwc3.lanl.ge/ ~fabrizio/quadrics.html



In [13] we analyzedhe QsNETperformanceinderspecificload conditionsto obtainthe“peak performance’df thenetwork
and a baselinefor further studies. Since not only the efficient supportfor computation-relatedraffic patternsbut a good
integrationwith the 1/0O subsystenis a key issueto provide a high-performancelatform for scientificapplications,in this
paperwe addresthe experimentakvaluationof the networking and1/O integrationin the Quadricsinterconnect.

For this reason,we presentan analysisof the network behaior underl/O-relatedtraffic patternsand the effect of the
placemenbf thel/O nodes in thecluster It is shovn thatthe placemenbf thel/O senersgreatlyconditionsthe behavior of
theinterconnectMoreover the effect of usingeitherdedicated/O nodesor I/O nodesthatrun computegjobstoo is analyzed.
Theseexperimentsarecomplementedvith an evaluationof theinterferencebetweerthe l/O traffic and othersimultaneously
runningapplications.

Thetestbedfor the network evaluationwasa 64-nodeQsNEFbasedAlphaSener ES40cluster The performancesffectsin
thenetwork areexplainedin termsof hardwareparameterd]ow controlandcongestiorresolution.Theresultsof the analysis
in this work provide a completecharacterizatiorof the interconnecwhen routing I/O traffic and have powerful and direct
practicalimplications,for examplerelatedto the I/O nodemappingand applicationdistribution. The study of the hardware
andsoftware primitivesusedto implementmulticastcommunicatiorandthe impactof the network performanceon the user
applicationsareoutsidethe scopeof the paperandcanbefoundin [12] and[10], respectiely.

In the next sectionwe summarizehe main characteristicef the network. In Section3 the experimentalmethodologyis
describedwhile theperformanceesultsarepresente@dnddiscussedh Sectiord. Finally, someconcludingremarksaredravn
in Section5.

2 The QsNET

The QsNET is basedon two building blocks,a programmablaetwork interfacecalledElan [18] anda low-lateng/ high-
bandwidthcommunicatiorswitch calledElite [19]. The network hasseverallayersof communicatioribrarieswhich provide
trade-ofs betweerperformanceandeaseof use.

2.1 Elan

Theinternalfunctionalstructureof the Elan® centersaroundtwo primary processingenginesthe microcodeprocessoand
thethreadprocessar

The 32-bit microcodeprocessosupportsfour separatehreadsof execution,whereeachthreadcanindependentlyissue
pipelinedmemoryrequestgo the memorysystem.Up to eightrequestsanbe outstandingat arny giventime. The scheduling
for the microcodeprocessois lightweight, enablinga threadto wake up, schedulea nev memoryaccessn the resultof a
previousmemoryaccessandthengo backto sleepin asfew astwo system-cloclcycles.

Thefour microcodethreadsaredescribedelown: (1) inputterthread: Handlesnputtransactiongrom thenetwork. (2) DMA
thread: Generate®MA pacletsto be written to the network, prioritizesoutstandingdMAs, andtime-sliceslarge DMAS so
that small DMAs are not adwerselyblocked. (3) processorschedulingthread: Prioritizesand controlsthe schedulingand
deschedulingf the threadprocessar(4) command-pocessothread: Handlesoperationgequestedy the hostprocessoat
userlevel.

Thethreadprocessois a 32-bit RISC processousedto aid theimplementatiorof higherlevel messagindibrarieswithout
explicit interventionfrom themain CPU.In orderto bettersupportsuchanimplementationthe threadprocessos instruction
setwasaugmentedvith extrainstructionsthatconstructnetwork paclets,manipulatesvents,efficiently schedulghreadsand
block-sare andrestorea threads statewhenscheduling.

The Elan containsrouting tablesthat translateevery virtual processnumberinto a sequenceof tagsthat determinethe
network route. Several routing tablescanbe loadedin orderto have differentrouting stratgies. Eachlink providesbuffer
spacdor two virtual channelswith a 128-entry 16-bit FIFO RAM for flow control.

2.2 Elite

The otherbuilding block of the QsNET is the Elite switch. The Elite providesthe following features:(1) 8 bidirectional
links supportingwo virtual channelsn eachdirection,(2) aninternal16 x 8 full crossbaswitclt, (3) anominaltransmission
bandwidthof 400 MB/s on eachlink directionanda flow throughlateng of 35 ns, (4) packet error detectionandrecovery,

21/0 nodeandl/O senerwill be usedinterchangeablyhroughthe paper
3This papermefersto the Elan3versionof the Elan. We will useElanandElan3interchangeablyhroughouthe paper
4The crossbahastwo input portsfor eachinputlink, to accommodatéhe two virtual channels.
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Figure 1. 4-ary fat-tree of dimension 3

with routinganddatatransactionsCRC protected(5) two priority levels combinedwith anagingmechanisnto ensurea fair
delivery of pacletsin the samepriority level, (6) hardwaresupportfor broadcastq,7) andadaptve routing.

The Elite switchesareinterconnectedn a quaternaryfat-treetopology[11], which belongsto the more generalclassof
the k-ary n-trees[15] [14]. A quaternaryfat-treeof dimensiomn is composedf 4™ processingiodesandn * 47~1 switches
interconnecteds a deltanetwork, and canbe recursvely built by connectingd quaternaryfat treesof dimensionn — 1. A
guaternaryattreeof dimension3 is shavn in Figurel.

2.2.1 Packet Routing and Flow Control

Eachuser andsystem-lgel messagés chunkedin a sequencef pacletsby the Elan. An Elan paclet containsthreemain
componentsThepacletstartswith the (1) routinginformation,thatdeterminesow the pacletwill reachthe destinationThis
informationis followedby (2) oneor moretransactiongonsistingof someheadeilinformation,a remotememoryaddressthe
contet identifieranda chunkof data,which canbeup to 64 bytesin the currentimplementationThe pacletis terminatedoy
(3) anendof paclet (EOP)token.

Transactiongall into two categories:write block transactiongndnon-writeblock transactions.

The purposeof awrite block transactionis to write a block of datafrom the sourcenodeto the destinatiomode,usingthe
destinatioraddresontainedn thetransactioimmediatelybeforethe data.A DMA operations implementedasa sequence
of write block transactionspartitionedinto oneor more paclets(a paclet normally contains5 write block transaction®f 64
byteseach for atotal of 320bytesof datapayloadperpaciet).

Thenon-writeblock transactiongmplementafamily of relatively low level communicatiorandsynchronizatiomprimitives.
For example,non-writeblock transactionganatomicallyperformremotetest-and-writeor fetch-and-adé@ndreturntheresult
of theremoteoperationto the source andcanbe usedasbuilding blocksfor moresophisticatedlistributedalgorithms.

Elite networks are sourcerouted. The routing informationis attachedo the headerbeforeinjecting the paclet into the
network andis composedy asequencef Elite link tags.As thepacketmovesinsidethe network, eachElite removesthefirst
routing tag from the headerandforwardsthe paclet to the next Elite in the routeor to thefinal destination.The routingtag
canidentify eithera singleoutputlink or agroupof adjacentinks.

The transmissiorof eachpacletis pipelinedinto the network usingwormholeflow control. At link level, eachpaclet is
partitionedin smallerunits calledflits (flow controldigits) [6] of 16 bits. The headefflit opensa circuit betweensourceand
destinationandthis pathstaysin placeuntil thedestinatiorsendsanacknaviedgmento the source.

Minimal routing betweenary pair nodescan be accomplishedy sendingthe messagédo one of the nearestcommon
ancestorandfrom thereto the destination.Thatis, eachpaclet experienceswo routing phasesanadaptve ascendingphase
to getto a nearestommonancestarfollowedby a deterministicdescendingphase.The Elite switchescanadaptiely routea
pacletpicking theleastloadedlink.

3 Experimental Framework

We testedhe mainfeaturesf the QsNETon a 64-nodeclusterof CompacdAlphaSener ES40syunningTrue64Unix. Each
AlphaSenrer nodeis equippedwith 4 Alpha 667MHz 21264processorsg GB of SDRAM andtwo 64-bit, 33MHz PCI I/O
buses.TheElan3QM-400cardis attachedo oneof thesebusesandlinks the SMPto a quaternaryattreeof dimensiorthree,
astheoneshowvnin Figurel.



Unlessotherwisestated the communicatiorbuffersareallocatedn Elanmemoryin orderto isolatel/O bus-relategerfor
mancelimitations, exceptfor the ping tests,whosegoalis to provide basicperformanceesultsthat area referencepoint for
thefollowing experiments.

3.1 Unidir ectional Ping

We analyzethelateny andbandwidthof the network by sendingnessagesf increasingsizes.In orderto identify different
bottlenecksthe communicatiorbuffersareplacedeitherin mainor in Elanmemory usingtheallocationmechanismgrovided
by the lowestlevel Elanprogrammindibrary, Elan3lib

At Elan3lib level the lateng is measuredas the elapsedtime betweenthe posting of the remoteDMA requestand the
notification of the successfutompletionat the destination. The unidirectionalping testsfor MPI are implementedusing
matchingpairsof blocking sendsandreceves.

3.2 Bidir ectional Ping

The unidirectionalping experimentscanbe consideredasthe “peak performance’of the network. By sendingpacletsin
bothdirectionsalongthe samenetwork pathwe canexposeseveraltypesof bottlenecks.

For example the Elan microcodeinterleavesfour activities, DMA engine,inputter, commandorocessoandthreadproces-
sor. Thistestcanevaluatehow the DMA engineandthe inputtercanwork with bidirectionaltraffic. Also the link-level flow
controlrequiresthe transmissiorof controlinformation,which canleadto a degradationof the unidirectionalperformancen
thepresencef bidirectionaltraffic. Bidirectionaltraffic is typically generatedy permutatiorpatternsn which anodeis both
sourceanddestination.

3.3 Hot-spot

Under hot-spottraffic, a setof communicatiorpartnerstry to readfrom or write into the samememoryblock. This ex-
perimentmodelsthe behaior of a single!l/O sener beingaccessedby multiple clientsand providesbasicresultsfor better
understandinghe network. This localized communicationpatterncanleadto a severe form of congestionknown astree
saturation[16], which canseriouslydegradethe overall performancef theinterconnect.

3.4 Multiple Hot-spots

Thenetwork traffic generatedby a paralleljob thatis performinginput/outputcanbe modeledwith a collectionof hot-spots,
whereeachhot-spotis a nodethatactsasan /O sener® andis the targetof multiple messagesriginatedby the othernodes.
Thistesthasbeendesignedo analyzethebehavior of thenetwork whenoneparalleljob is performingtransactionsver several
hotnodes.We addresdive distinctperformancalimensions.

1. 1/O read/writeratio: theratio between/O readsandwritesis anumberbetweerD and1, with 0 beingall readsand1 all
writes.

2. Theinter-arrival time betweentwo I/O messagesssuedby a client nodecanbe eitheruniformly or exponentiallydis-
tributed.

3. I/O traffic: this parametedefinesheaccesgatternto thel/O nodes.Two patternshave beenanalyzed:

(a) uniform /0O, eachnodeperformingl/O randomlyselectsts destinatiorfor every transactiorand
(b) fixedl/O, eachnodeusesafixeddestinatiorfor all its transactions.

4. 1/0 node mapping (hot-nodemapping): this parameterdefinesthe placementof the I/O nodesin the cluster Two
alternatveshave beentested:

(a) clustered]/O nodedocatedin consecutie nodesatthe highernodedocationsand
(b) distributed,l/O nodesuniformly distributedthroughthe cluster

5. Application mapping:defineswhetherthe applicationperformingl/O runson the I/O nodes(all nodesmapping)or not
(non-1/Onodesmapping).
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Figure 2 describeghe typesof I/O andapplicationmappingsusedin the experimentswith a configurationof 64 nodes.In
the clusteredmapping,8 I/O nodesareplacedin the upperpartof the network (the dark ones),while the remaining56 nodes
arededicatedo computation For this type of I/O mappingwe considettwo typesof applicationmappingsin the“All Nodes
Mapping” all 64 nodesgeneratd/O traffic. In this casethel/O nodesarebothsourceanddestinatiorof thel/O traffic. In the
“Non I/O NodesMapping”, only thefirst 56 nodesinject /O traffic into the network. The I/O nodesareonly sinksof thel/O
traffic, asoutlinedby the arrow below thefirst row.

With distributedl/O mapping,shovn in the secondrow of Figure2, the I/O nodesarescatteredvith a strideof 8 over all
thenodes.In this casewe have an1/O nodeevery 8 nodes.As in the clusteredapproachwe distinguishthe two casesvhere
thel/O nodesdo anddo notinject messagemto the network.

3.5 Combined Traffic

With this benchmarkwve studyhow a paralleljob thatis executingl/O traffic canaffectthe communicatiorperformancef
anotherparalleljob thatis runningconcurrently We performthetestsby runningtwo paralleljobsin thecluster eachoneusing
half of the availablenodes.The I/O job generatesraffic asdescribedn Section3.4, while the computejob injectsuniform
traffic. We analyzethe Cartesiarproductof severalperformancelimensionswhich areoutlinedin Figure3. In particular

1. /0 nodemapping:we considerclusteredthe upperrow of Figure3) anddistributedmapping(the lower row of Figure
3).

2. Application mapping: the two applicationsrunningin this testusehalf of the available nodeswith two differentap-
proacheslf “All NodesMapping”is usedeachapplicationis mappedo 32 nodes(evenif it overlapswith 1/O seners).
Ontheotherhand,with “Non-I/O NodesMapping”the I/O nodesarededicatedsenersandeachapplicationis mapped
to 28 nodes.Whenwe have the all nodesmappingwith the clustered/O, we candistinguishtwo furthercasesThejob
performingl/O is mappedntothe I/O nodes.As shavn in the upperrow of Figure3, thisimpliesthatthe computeob
is mappednthefirst half of thenetwork while thel/O job is mappednthesecondalf. And thesymmetriccasewhere
thecomputejob is mappedontothel/O nodes.

3. /O load:thel/O job caninject messagemto the network with increasingoad.

4 Experimental Results
4.1 Unidir ectional Ping

Figure 4 a) shows the performanceof the unidirectionalping. The peakbandwidthof 335 MB/s is reachedwhen both
sourceanddestinatiorbuffersare placedin the Elanmemory The maximumamountof datapayloadthat canbe sentby the

5For this reasorin therestof the papemultiple hot-spotsand /O traffic areusedinterchangeably
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Figure 4. Unidirectional Ping

currentElanimplementationin a pacletis 320bytes,partitionedin five low-level write-blocktransaction®f 64 bytes.For this
pacletformat,the overheads 58 bytes,for the messagdeader CRCs,routinginfo, etc. Thisimpliesthatthe deliveredpeak
bandwidthis approximatel\396 MB/s, or 99% of the nominalbandwidth(400 MB/s).

But theasymptotidandwidthfor mainmemoryto mainmemorycommunicatiors only 200MB/s for bothElan3lib(lowest
level programmindibrary) andMPI. Theseresultsshav thatthe PClinterfacerunningat 33MHz is the bottleneckfor thistype
of communication.

Figure4 b) shavsthelateng in therange[0. . .4K B]. With Elan3libthe basiclateng for 0-bytemessagess only 2.2 us
andis almostconstantat 2.4 us for messagesp to 64 bytes. We noteanincreasean the lateny at MPI level, comparedo
the lateng at the Elan3liblevel, from approximately2 pusto 5.5 us. While at Elan3liblevel the lateng is mostly hardware,
MPI needgo run athreadin the Elan microprocessoin orderto matchthe messagéeags: this introducesthe extra overhead
responsibldor the higherlateng.

4.2 Bidir ectional Ping

Figure 5 a) shows how the bidirectionalbandwidthis degradedby the PCI bus. When the communicationbuffers are
in Elan memory the asymptoticbandwidthis 280 MB/sec, a slight performancedegradationfrom the 335 MB/sec of the
unidirectionalping. With main memoryto main memorycommunicatiorthe bandwidthdropsto 80 MB/sec,a performance
degradationcausedy the PCl busof the Alphasener® , thatis notableto efficiently interleave the bidirectionaltraffic. Given
this substantialimitation, in the following experimentswe will placethe communicatiorbuffersin Elanmemory in orderto

60therPCl busesrunningat 66Mhz ratherthanat 33 Mhz, for examplethosebasedon the Senerworks HE chipsetsdon't suffer from theselimitations
andcanprovide almostthe samecommunicatiorperformancevhenthebuffersareplacedin mainor in Elanmemory[13].
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Figure 6. Write Hot-spot

inject messagemto the network atfull speed.
4.3 Hot-spot

In this experimentwe attemptto write into the samememorylocationon node0 from anincreasinghumberof processors
(one per SMP). This test provides information on the behasior of a single I/O nodewhen serving multiple simultaneous
requests.Previousresults[13] have shavn that readandwrite operationgprovide no significantdifferences.The aggrejate
bandwidthplots aredepictedin Figure6 a) for 1 MByte messagesjsinguniform andexponentialtime (T tag) andmessage
size(Stag)distributions.

The curvesareapproximatelyflat up to 32 nodesyeaching337MB/s, while an8% decreasés obseredfor 64 nodes.This
is dueto theextra contentiornexperiencedn thethird level of switchegFigurel c)) andto thelongerdelaysneededo releasea
circuit whentherearemorethan40 communicatiorpartners Figure6 b) shavs thedistribution of thedeliveredbandwidthper
nodeon a 64-nodeconfigurationandprovidesmoreinsightinto this problem. It canbe seenthatthe nodesaredistributedin
threebandwidthgroups:nodesfrom 0 to 3 getapproximately8 MB/s, nodes4 to 15 getapproximatelyt.8 MB/s andnodesl 6
to 63 getaround4.3 MB/s. This unevendistribution of bandwidthis dueto the variousareasof contentionthata given paclet
cantraverse. Consideringthat O is the hot node,packetssentfrom nodesl to 3 have a single contentionpoint in the switch
they aredirectly connected Packetssentfrom nodes4 to 15 have two potentialcontentionpoints,onein the secondevel of
switchesandthe otherin the destinatiorswitch. Finally, pacletssentfrom nodesl6 to 63 traversethreecontentionstagesn
thethreelevelsof switches.



Clustered/O | Distributedl/O
Uniform Traffic 196 MB/s 234MB/s
Fixed Traffic 320MB/s 338MB/s

Table 1. Multiple Hot-spots Maximum Accepted Load Summary
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Figure 7. Multiple Hot-spots with Uniform Traffic

4.4 Multiple Hot-spots

This testis designedo analyzethe behavior of the network whenoneparallelapplicationis performingtransaction®ver
severall/O nodesasdescribedn Section3.4.

The experimentsare performedon a 64-nodeconfigurationwith 8 hot-spotsasshavn in Figure2. The averagemessage
sizeis 1 MB (exponentiallydistributed), with inter-arrival times uniformly and exponentiallydistributed. The resultsshov
verylittle sensitvity to thefractionof read/writerequestssowe will omit therelatedexperimentsFigures7 and8 displaythe
acceptedoadof thel/O nodesversughe offeredloadfor uniform andfixedtraffic, respectiely. In eachfigurethereis agraph
for the clustered/O mapping(subfigure a)) anda graphfor the distributedl/O mapping(subfigureb)). Eachgraphdisplays
curvesfor the two applicationmappingsgpresentedn Section3.4 (all nodesandnon-1/O nodes).The asymptoticbhandwidths
aresummarizedn Tablel for the mostsignificantperformancealimensions|/O traffic andl/O mapping.

Theresultsshow thata fixed destinationpattern(Figure 8) alwaysprovidesbetterperformanceghana randomselectionof
destinationgFigure7).

Thel/O mappinghasa significanteffecton performanceoo. Betterresultsarealwaysobtainedwith distributedl/O (Figures
7 b) and8 b)). Thisis dueto the factthatthe distribution of I/O nodesthroughthe clusterevenly spreadshetraffic acrosghe
network, while with the clusterednappingwe generate large hot-spoton onesideof the network. It is worth notingthatwith
distributedmappingeachl/O nodeis connectedo a distinct switch, while with clustered/O four I/O nodessharethe same
switch. Thus,the adjacentllocationof I1/0 nodesworsenshe contentionin the network.

The applicationmappinghasno significanteffect when using distributed I/O (Figures7 b) and 8 b)) and a small effect
with clustered/O (Figures7 a) and8 a)). In the latter case thel/O nodesdeliver slightly higherasymptotichandwidthwhen
all-nodesmappingis used(betweenl5and20 MB/s), eitherwith fixed or uniformtraffic.

4.5 Combined Traffic

With this benchmarkve studyhow a paralleljob thatis executingl/O traffic canaffectthe communicatiorperformancef
anotherparalleljob thatis runningconcurrently

Thel/O job generatesiniformtraffic, shovn to producehigh network contention(Sectiond.4),with exponentialdistribution
of theinter-arrival timesandmessagesf 1 MB. We considetthreel/O loads,with increasingntensity which areexpresseds
fraction of the asymptoticdoad thatcanbe injectedinto the network by a node(0.1,0.3and0.5). The otherparalleljob uses
uniformtraffic and256KB messages.
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Figure 8. Multiple Hot-spots with Fixed Traffic

With clustered/O, we distinguishtwo cases:the I/O job overlapswith the I/O nodes,andthe symmetriccasewherethe
computejob overlapswith the I/O nodes(Section3.5). In the graphswe usethe label 1¢” to indicatethe first caseand 1i to
indicatethesecondcase.

The graphsin Figure9 show the acceptedbandwidthof the computejob. Consideringthe type of traffic (uniform) and
the messageize,the optimal asymptotichandwidthof the computejob is about130 MB/sec. Any performancelegradation
indicateghatthebackground/O traffic interfereswith thecomputgob. Figures9 a),c) ande) considettheall nodesmapping,
wherethe paralleljobs arealsomappedonto the I/O nodes.In Figures9 b), d) andf) we canseethe resultsfor the non-1/0
nodesmapping.We canclearly seethat:

1. Whenthejobsdo notrun onthe l/O nodes(the applicationmappingis non-1/O nodes)thereis no interference.Thisis

avery powerful resultthat shovs thatany job mappingandl/O mappingwill performwell, aslong asthe processesf
bothjobsdo notrunonthel/O nodes.

2. Thisbasicresultis extendedto anothercase Whenthe computgob is not mappedntothel/O nodegclusteredlc, the
I/O job overlapsthe I/O nodes)thereis nointerference.

3. Whenafractionof the computgob is mappedntothe I/O nodeg(clusteredLi, the computeob overlapsthe I/O nodes)
thereis a substantiaperformancelegradationup to 40%,with ary 1/0O load.

4. With distributedmappingthe performancas sensitve to the I/O load. The higherthe background/O loadthelowerthe
acceptedandwidth.

Figurel0summarizesheanalysisof theresultsandhighlightsthe performanceegionswherethecomputationajob is affected
by the background/O traffic.

5 Conclusions

In this paperwe presentedan extensive performancesvaluationof several typesof 1/O traffic on a 64-nodeAlphasener
clusterinterconnectedh afat-treetopologyby the Quadricsnetwork. This analysiscanprove particularlyusefulfor system
andnetwork designersandusersof high-performancgarallelclusters.

We first considereda single paralleljob performingl/O and modeledthe I/O traffic with a single hot-spot,representing
asinglel/O sener, and multiple hot-spotsrepresentinggroupsof 1/0 seners. The experimentalresultsprovided insighton
severalimportantopenproblems.We have shavn thatit is moreefficientto distributethel/O senersratherthanclusterthem
in a singlesggmentof the network, with a bandwidthincreaseof about20%. Also, the performances insensitve to boththe

fraction of 1/0 readsandwrites andto the mappingof the paralleljob, whoseprocessesanbe run on the I/O nodeswithout
ary noticeableperformancelegradation.

A shortcutto indicatethatthe computejob is allocatedon thefirst half of the machineandthe 1/O job on the seconchalf, with the /O nodesclusteredn
thelastsegmentof the network.
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Figure 10. Analysis of the experimental results with combined traffic

We thenanalyzedhow a job performingl/O canaffect the communicatiorperformanceof anotherjob. Multiple jobs can
berun concurrentlywithoutinterferenceaslong asthesgobsarenot mappedn the l/O nodes.Thisis a powerful result,that
givesa high degreeof freedomwhenmappingmultiple jobs. On the otherhand,thel/O job caninterferewith a computejob
whensomeprocessesf the computgob aremappedn the l/O nodes.
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